(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 08221093 A 

(43) Date of publication of application: 30 . 08 . 96 



(51) Int. CI 



G10L 3/02 
G10L 3/00 



(21) Application number: 07029336 

(22) Date of filing: 17 . 02 . 95 



(71) Applicant 

(72) Inventor: 



SONY CORP 
CHIYAN JIYOSEFU 



(54) METHOD OF NOISE REDUCTION IN VOICE 
SIGNAL 

(57) Abstract 

PURPOSE: To provide a method of reducing noise in 
voice signal which is capable of simplifying computation 
in suppressing noise in input signals. 

CONSTITUTION: The method is conducted by a fast 
Fourier transform processing section 3 which transforms 
input voice signals to the signals of frequency axis, an 
Hn-value calculating section 7 which controls the filter 
characteristics of filter processing in the case of 
eliminating noise part from input voice signals, and a 
spectrum correcting section 10 which reduces noise from 
input voice signals by the filter processing responding 
to the filter characteristics obtained in the Hn-value 
calculating section 7. The Hn-value calculating section 
7 calculates the Hn-value in accordance with the 
maximum SN ratio of the input signal spectrum per frame 
obtained by the fast Fourier transform processing 
section 3 and the value obtained from the estimated 
noise level, and according to this Hn-value, the 
processing to eliminate noise in the spectrum correcting 



section 10 is controlled. 
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(54) [»BB<04&»] W^ft#<!O^W<K^^^ 



(57) 

n«it*3&7 , ±EH n <fil ft 3t 7 IZT fa ?>il 

fcJt^fctt*****'*? h ^ A^IESS l 0 t 
miX&t). H n lIt»gR 7 ti , 

.?J*» IE «*lv 0 £ £ It £ a * 5r Rft * h •» 9 £ M flf "f 




(2) 

1 

[»»■**) «£H] 

1 ] w 

±EA*W* fete** ft&t^? 

JU*«tt £flJt*p-f ft frJfJPXfl*: . 
±EMWXSfc:-Cf*fcft& 7 * ;u*«tt£J5i:*: 7 * ;u 

#A£$XiIfc£*rL. 10 

hWi/^fclEAiSf^^^ h;U£-££ftft 
meSHF*^? wucou^/u ^Jfctca^v^T**) 4>ft 
ftS£-<7>® b . ±EA2lft#*"<? MKT)? U-A45«0 

#U*/Urt»fc*a6 4>ftft»Z^«fc£J: 9±E? -r /W* 
:8&£$iJ#p-rftXfI"C'£>ftC:*: t *t ft ^ ft 

£** 4: 1 E»4>«*«-»3- 

[B*3I3] ±E»X*>«1±* ±E«#l^^^fc«« 

fcjetT»fcft*«T'*ft fcftfc* JbE7^/^»ttC 
J©tfc7 * ;U*-»SfcJ: ftft*»««»fi£ d B3I$T' 
*«»WfcSCfl:3-£* J: '3 fcWSff*" -6 IT'S) ft Z trtf 

afcts«*ai Ett<o»^«#<oa*««*a. 

^A*«*^SM0 2SI¥^«tf> 3 l I 2fai: 2fH¥*5fI<7) 30 
¥^«Ofi^@4: fc«r*v*T» ^ftftfeT'fc 0 . 
iEit-'J-K^tltJeStW^^ywtoib^ft** Ji, ± 
Eft ft St* u^uXtf ±£ 2 ^t^teo^ta 
fc*-?oT*aS3ft ft «"C* 0 . 

±E2* 3 F*&fB0 3 F*«^)**«Hi. ±E7U-A««o 

- M> <n 2 ft ¥ % B O ¥ fS « ^ a * M S ^ v % T » £ ft 
&«fcW«0«tO«*«-Cft ^ w t ft It* 

4 1 E«OW«ftf)*f***S. 

[»gi*>fMB*R9n 40 
[0001] 

tua-rft . 

[ 0 0 0 2 ] 

*C , «»8ftfc*^«#t:**ft-&ai*»# J ^»*» : & 
WE L , (speech) affl-f 4 c fc 

tff&Bfc SftT i^* . 

[ 0 0 0 3 ] COJ: 3 £#^&fjg. hh iMiS«««<so 50 



»BB¥8 - 2 2 1 0 9 3 
2 

ft H ^3$U«I j ( Speech Enhancement Using a Sof t-De 
cision Noise Suppression Filter, R. J.McAulay, M.L 
Malpass. IEEE Trans. Acoust. . Speech* Signal Proce 
ssing. Vol.28, pp. 137-145. April 1980 ) '»» 
IBy^fAttitt4ffl»ft««atBiEfJ!j <Freq 
uency Domain Noise Suppression Approach inMobil Te 
lephone Systems. J.Yang. IEEE ICASSP, Vol.11, pp.3 
63-366. Aprill993 ) ^£ BH^ £ ft X v>ft . 
[0 0 0 4 ] 

oStSJWEfttSGiJ^Ttt* ^a«HriS«SNR (It 
fcafcCSI^lfllE&iltfV* 7>-^lotHSNRi; 

«-c*ft. 

[ 0005] Z(?>± ?% : BJZ&m. ftSV^iMI* 

iS«*ffii=*5V^-C tt. $fl#IEISI^aitf0^t#^fflv%^ft s 
' A* U^VU^^^r?-^* Wffitf5Bffl-CH;«8-r ft i t J: 
0. »*KIBIWJ8y«:fi : ^TV^3&«. (speech) iz h 

[ 0 0 0 6 3 t ZX'. *ft*MA\i. Ji5^L^ISllS$:ft?^ 
■TftTt^lC. »IHI¥6 - 9 9 8 6 9ft:fcV^t t #^fl 

[ 0 0 0 7 ] ±E*^«*<0»W««*36tt. A^i*^ 
fi^tC^^^T^fctl^ft^ S NlfcS.^^^^^E5i^tcS 
-^v>T. (speech) fi&^ i % £131" ft #><?)&1t 7 ^ 

Sr®isa^tc$ijtwf ft c t -c»*niE&fT 9 %jBm^ 

9»tS*mft-)t, ±E«^#ttfll*o»a3t:, 

fct^)S:fflv%ftcfc Sr»«i:1-ft t 0-C*ft . 
[0 0 0 8] ±E*^«#<0*»*lS***t:J:ft 
«f, ±Eft*7 -f ;u^#±»EA*«^«-»<0 S N jtfrc^ 
tr ©jfiOjfpE? ;u^«clB»Sftft3t^. ±EA*t 

ft . 

[0009] hZhifi. ±E*^#ttW*8r»a-f ft <7) 
aaJSrfllJtSrWi-ft »**«RK*3&«S»S 
ftft^ib. ajKOBBJft^aiili. 
[0010] fCf, *S B lli, ±3* LfcjS«icffi*T 



3 

t £ @ WfcT 6 * 

[0011] 

feat*!**** £ fcTJfcffWEtfr? 

•»<?3fflt»:SEMt4K»Iii:< ±EA***«-»**fc 
651^ 7 4 /U?*&31?)7 -r /W^&tt* 
•fHW-f *8i"IfflX?I*: . ±E»J»XHlcT»6it$ 7 -f ;u 

^ttttc^t^^-f /u^»aat:J:o. ±ea**j*«-9 

St, ±EXSH«t="t:»fe*t*Aa«#*'<7 Wl'O 
U^/Wfc -LEA^te^*^? V ;H=*4 

[0012] ±E**«#<soji*«« 
[0013] *«B^ji % t&n^jsm^wmmte 

«^rffifc:i3v^r. ±IS^x«oM(i, JbEliVu^/ufcii 

/Hcfl?fcT»4>*i*«"C** 1IE7 < /l<*«tt 

fcUC t*:7 -f )V9^m^,zX * dBM 

■cft«»wcscfl:s*4 J: o izm®-?& it*> & tor 

ft 4 . 

[0014] **Bj|li, _L»tf!)#J»«-»<OSi»tt 

mX&lC&^X . ±E««»*U^^«i. ±E7U-J» 
^Afl^^St*^*^!!^*** 2*t¥^<I 
tf0¥^moS^:<Ii: (C*-?v>T » 6*1* fc"Cft 0 . JLE 
(i^u^yut *i5^$e#u^;ut <^lfc^©^:^(±. ±E« 

U^;u^t/±1B2 JM^fflO^P* 
-2v*T*as*ix& ©rft 0 • JiE2*jp*if««D¥S"«<o 
1IE7 U-AfcOAfi<I#Offi@<0 2 **p* 

"C ft & i 03 "C ft & . 
[0015] 

if, SiftXSfc-t A***«-»*»6»6ii 

£ AJifl-t*^? Mut * c^A****'*? 

*«-Cft&fc«tc. HtM«l«7^^«li:i3» 

Jfc££*£-fl> 7 -f ;U*»ttO»JH«*K«-f 



(3) WBf 8 - 2 2 1 0 9 3 

4 

n jtatxa^asu^^ £S-?^T«ajSix*iiTft * 

k&tc, ±E«*SNltK:jCtT±E7 -f ^^Wtt^^T 

^tccto. ±EA*»^«**»fe±E«*sNtttca;t 

[0016] ifc. #»Bjj£ J:iitf , 
cote, ^tf>RSS*LfcAa«-»;* / <7 MK^u^utti 

10 t ***T«"Cft *»*0)»]*<fc2:ia<& i fc 

[0017] ^SfcBJUc £iiif . ±g£^XtfO(iii, 

±iBjft;* S N Jt&tX 7 U — Afcfl)** U^/H=J6 fc» 
6ii*«"Cft&*:*K ±E7 **±St* 
K«**±E** S NJttCJC tt . dB««T-*tft»W 

[0018] 

immm) bit, #*Bj!ic«$flF*«^<os«*tt#S'* 

[0019] :;t. >m Ltz*ft*n 

[0 0 2 0 ] ±isy x®j«^at±, A^^^fi^Sri^ 

■iEA^^^iS-f-^^M^SU*^!**^*!®^^ -r /U ^ 
-f yu^»tt2rlW«i-SHnfflftJ|C»7k, _LE 
H n«lt»aJ7 K:T»4>H* 7 -f ;W^»ttfriJBtst7 -f 
J: 0 , JiEA**^«»*» iS«-*"* 
X^^h^A^jESPl Ok^^rLTJ5£St>cO"C'ft^, 
30 [ 0 0 2 1 3 JbEy-f XiS«3S«(c*5V^T. ^F(i#A 
^Jg^- 1 3 3&»fe A*Sit& A**^fi*y ' [ t ] ti, 7 

^-Aftjtasia i t;:3£<o*-i& . c<^7 u-^-ft^^sn 1 

^rt^ (RMS : root mean square) It Jttf 2 i 3ltX 7 

[ 0 0 2 2] BjSpM-WJI* 2/pfe^aS*Ji. JS^7-*J 
x^MlS? 3 tzi^^ii^ . ^ ^ . K5«7- 'J x^Jft^ 
a«3 3&»^^>as*ii. h;ufl?XgP l 0 tcjli^ix^ 

40 AS, H#«aS4 t3 til 4>ii-£» . ^>H#«»4*»<> 
<^ai^ti. -hie*'*? h;u«]E» l 0 . ±ie$tW*ilE& 
Sf^cojg^^^^ h;Utt^^2 6»lfH nMlt»aS7 £ 

3fii«a7- , jxss»«iai« i i aix^-yN'-^ .„ r^os: 

. S5 1 2 $r^L-C, 1 4lzm$>tLZ>« 

[0023] ttz* RM SItKff 2 1 * li, ffi 

^x^;U^ltSCSJ2 2 , fi^RM SIt»S5 2 3 . 
»K;HtK«2 4&tf&^X^7 h/Ht3e»2 6 6C 
6*1*. £6£, ±E«*RM Stt*«2 3 *»6^)ai* 

50 u, «sa*u'<^tt»«2 4ar/«*sNJtitK»2 



(4) 

5 

8 . ft*S NJtf+»gg2 5 , $£^*^7 WHtffi»2 6 
&lXNRteft»:gB6 fc«6*xS . 4fc. &±SNJtft# 
»2 S^fcOSfiAtdU NR<Ift3J:&6&lX±|£3g : £;^ 

[0024] a*:. NR«tt»»6*»feoHs*ii, mm 

N Rtett»&6 fc«6ix*fl!u ±i£H nteft&& 7 let 10 

[ 0 0 2 5 3 H nffitt*ffl7 3&»6<DSati. 7 -f ;U * A 

jESS 1 0 Ki££*X* . • 
[ 0 0 2 6 ] BIT. -tie./ 4 Xte8§£B<7)SB-O0y<OS& 

^^i^BJ-f a. 

[ 0 0 2 7 ] ^{I-^A^ai^ 1 i 3 cwt, mi* (Speec 
h) fi£#h&W (Noise) b **tr A2)#J*fI^y 
[t] **»tt3ixT ^* . COA^f^flty [t] 

[ 0 0 3 0 ] act. tt»7-yxs^»Ji«3-cut. 2 
5 y hcoK5«7-y xatftjas^jfcsii, *#*>;fx 

fcffl«Rx*<?> /PlSMtt* Ay K#«»4 (c J: 0 , 
mtii 1 8 Ay Ktc#M3ix* . £ixfc*3#Ay k«o« 

[ 0 0 3 1 ] 

[*1 ] 



»Hf 8-221093 
6 

-fy7*;uco7 w-AictffflSix. J31T*7 u-a*c» 

&7U-AraratiF 1 fy7;K'A 0 . * ( k + 1 ) 7 
u-^Ci»k7U-AA»feF I ^ y r;H*eBBttSixs 
ZbtzZZ. JtEflttR^-frVTVUR 
3Mf £ t . «*-ffcffl«RF SH 0 0 0, £ £ti8 k H 
zb-thb*. 7 I Sr 8 O^-yr/Wfc-f* 

U 0 m s i; , 4 ^ , 7U- A^FL^16 0fy7/l' 
ktU20ms b l£Zc h . 

[o 0 2 8] jg*»ttMj8«2-ci±. aco-Kxacar* 

MitfKi«7-Ux5CM«i5|»2-coW*t:5fe4^ 
-LIE 7 U--Mfc»S» !J: , 3ja6ix6*7U-<ML 

«f y-f r ame j f |j tSLT, &WRw input J: 

&J8*»lfffl3*«ttSxx*. *7 

ii, as*«*tc» LTJBHftwoutputt: «fc £&?Wt «ir 
#]fr££ix£. dco J: 3 &3-l§KIRw input &tfw output 
<o-MZ . <k*> (l) 3* a IX (2) sUc-efi^ft^f - 

[0 0 2 9] 

[R 1 ] 



OZj^FL —(2) 





JBftttfBH 


0 








0— 


1 


2 


5 


H z 


1 






1 


2 5 — 


2 


5 


0 


H z 


2 






2 


5 0 — 


3 


7 


5 


H z 


3 






3 


7 5 — 


5 


6 


3 


H z 


4 






5 


6 3 — 


7 


5 


0 


H z 


5 






7 


5 0 — 


9 


3 


8 


H z 


6 




9 


3 


8-1 


1 


2 


5 


H z 


7 


1 


1 


2 


5— 1 


3 


1 


3 


H z 


8 


1 


3 


1 


3—1 


5 


6 


3 


H z 


9 


1 


5 


6 


3—1 


8 


1 


3 


H z 


1 0 


1 


8 


1 


3 — 2 


0 


6 


3 


H z 


1 1 


2 


0 


6 


3 — 2 


3 


1 


3 


H z 


1 2 


2 


3 


1 


3 — 2 


5 


6 


3 


H z 


1 3 


2 


5 


6 


3-2 


8 


1 


3 


H z 


1 4 


2 


8 


1 


3 — 3 


0 


6 


3 


H z 


1 5 


3 


0 


6 


3 — 3 


3 


7 


5 


H z 


1 6 


3 


3 


7 


5 — 3 


6 


8 


8 


H z 


1 7 


3 


6 


8 


8 — 4 


0 


0 


0 


H z 



[0 0 3 2 ] Czx^wfflttRWWii. Aia^BSty^T 1 * 



(5) 



WSfl^P 8 - 2 2 1 0 9 3 



<?>> ««*rfflv**. 
[ 0 0 3 3 ] Slt*«5&«5fc:*3^TU:, 

ftfi-^y - frame j^oy^ Xj^*^ (speech) tf* 

fc^fc:. jtjeasu^^at . «*sNJtfc#NR«it 

[ 0 0 3 4 ] RM Sft#g&2 1 TJi, ±15*7 
*SO«#*!>RMS«<0ft** < fTib*U S&k 
7 U — ixtfORM S *C£> R M S [k] % &*Ttt* 



[0035] 
[»2] 



X (J- frame]. k) 



(3) 



[ 0 0 3 6 ] «»l*m«2 2tli, fF7W-A 

/K^^t dB rel [k] #it»sn, w^iifea^aB 

10 re l C k 3 ti. % &<n (4) sCfc: J: 0 ft* $ ix . ico 

(4) « + Ox*/u*«E [k] aviSJix^y^aE 

decay **x-fix»:c7> (5) (6) sfcic 

J: £>ix£ . 

[0 0 3 7 ] 
[ft 3 ] 



= frame] Jc) 1 -(s) 

f-l 



[0 0 3 8] ;:t\ jlie (5) fl • (rms 
[ k] ) 2 t^t; t**-cs rm sn-ir^2 i r 

0±I5 (3) «<OtHt*>3a + T»fc*x4±K (5) 
«* *<3 4 4«»x*/u*f»-*ffl2 it:l5J:5t:LT 
tJ:v^i:li«5ttt*4. 4*. ±12 (6) sCfcii^T 
li , %&mr& (7 a 5 A A) * 0 . 65»Hfe« 

[0039] ;oJ:-)^, x*;U*E [ k ] RX/Wmn 
^/U^fE decay [ k ] I2 2*c^-*-. 

[ 0 0 4 0 ] fc*RM SftJtSS 2 3T*(2, tt»t4«S 

*«v*;bi9> S Nlfcfc £ JLSt t & fcf&g&ft;*; R 

M S fg##tf> £>ix. d3?]$*X&. CC0J*;*;RM S®M a 
xRMS [k] (±, JSTO (7) rtfcT*iiS3*x4 . 

( 7 ) 5*-C\ e utMSSB (decay constant) r* 0 . 
W*.fcT3. 2^Tft*RMS(S#l/e**tt«&-f £ <fc 
3 %m . 0 = 0 . 9 9 3 7 6 9*»fflV^ilS. 40 

[0041] 

[R4 ] 

MaxRMSlfi] = max(4OOO.KM5M,0* MaxRM&k- 1] 
+ O-0)*A*5[*]) *"(7) 

[ 0 0 4 2 ] iSifU^/HtIS2 4T'ii, AC? ? ^ 

tf> « 5g /HIM inRMS [k] li, «B*jS*»fe 

Wtc 5 BOHWfi^B ( local minimum ) , 



(8) *£»fc-r«iort-c*'jNfc**«Ta&. 

[ 0 0 4 3] 
[ft 5 ] 

(^5W<0.6.A/axRMS[A] AO 

/?AfS[jfc]<4000 AO 

/WfS [it] < RMS [k + 1] AO 

RMS [A] < /M/S U - I] AO 

*AfS [ Jt] < AM? U* - 2]) X(4 
(RMS[k]<\tinRMS) *(8) 

[ 0 0 4 4 ] CKDJtJgSt* U^/UBM i n R M S [ k ] 
\i. mi* (Speech) « L<o«*SI»* i**>*>£A.y ? ^ 

>M &^±#U- MiftftHft 

[0045] ;ilA>ORMSSRMS [k] . fll%Si$ 
inRMS [ k ] at^i^RM S fiS M a x R 
MS [k] O^^CT^:. H3t^t. 
[ 0 0 4 6 ] 4^:. &±S NitftK«2 5T'l±. 

(9) rtfcj: 9«*SNtba<*SSiX, C^ft^SNJt 
MaxSNR [k] #*aiSiX, ftXZixX^Z. 
[0047] 

[»6] 



f MaxRMS[k]\ 



(9) 



[ 0 0 4 8 3 &tz. i^ft^SNJtlMaxSNR*^ 

MarSAWffl-30 ^ 



(6) ^ra^F 8-221093 

10 

•ft >\- 7^^NR„1 eve 1 ifi* itj $ £ ♦ u^NR 

level tCii , felT<7)IRJ8fc#ffl ^ . 

[ 0 0 4 9 ] 
[»7] 



NR. level [k} = 



20 



(l-0.002(^or5///?[jk]-30) ) 

30<Mu5AW[Jt]£30 
0.0 A4zc5AW[*]>50 
1.0 ±EJUfl* 



flO) 



[ 0 0 5 0 ] &tw % $11 W*^? WHtft« 2 6 T'c7)iH£ 

£«Wi-ft. ±E«»i*;waftta»2 2, aaSMfU- 
^/nnta 2 4*1/^*3 Njtft*» 2 s uav* rata 

L^iStis (speech) ( background noi 

se) b EffltJ fcibfcifflv* , #]E L v% 

[*] < NoiseRMStot, W ) XII 

fiWW5[Jfc] < KA/S [Jfc- 1] + 200) -00 
CCT /Votre«Af < S , Mw [J(:]= 1-05 +0.45 -NR.ievel [Jfc]x 

AtfinJM£S[Jt] 
W = max(MaxSNR [k] - 4.0,0.9 -MaxSNR [k] ) 



X*^.? WUOttiaT^itJgfc'N [w. k] tLTStt 
$ ii . as * $ *i & . ' 
[ 0 0 5 1 ] 
[R8] 



[0052] :;tB4ii» ±E (ll) S^dB« 
iO«»X^*dB re i[k] **S.NttMax 
SNR [k] t % $fl^¥iJj?iJtf0KHI<7) 1 OT$> 4 d-B t h 
res re i[k] kOA*«^*LTV^. 

[ 0 0 5 3 ]'*^H5li, ±E (10) 5$4><0MaxS 
NR [k] Lt<7)NR_l e ve 1 [k]£^ 

[ 0 0 5 4 ]'»k7k-AmHt, £>ft^ti>MX 
LT#8Sit&#-£. ±E/>f XX^; MK0B*I3!¥ 
^*5fe«N [w, k] (i. 3L£:7 I'-AtfOfl-St-tfOA^fl 

MU*>S«Y [w, k] fciJoT. #4) (1 
2) stOJ: dlcjgfrSixft. wliiE^y h'#*J 

[ 0 0 5 5 ] 



40 



N [w. Jfc] = a • maxf A^w, k - 1], tfw. Jfcfl 

+ (1 - a) • min (N [ w. Jfc - 11 Y[w, Jfc] ) 



•a2) 



[ 0 0 5 6 ] ::t, 25 k 7 u — A#»*r ( speech) c 

LT#»Silfc*** N [ w, k] tiN [w. k-1] 
to® £ *tf0* . ■ 

[ 0 0 5 7 ] N R Mit^SiS 6 T-U, < J6£ 

^Rft-T * £ £ * fcftfcrffl 4 IIT* * N R 

[w, k] SrttKt, WfciifcNR [w. k] 

w ^0 N R [w, k] ii, 0A>^1W*SS^1 

[ 0 0 5 8] 



[B9 ] 



aw[hU] 



[Rio] 

Wyfw.Jfc] A«[w t A-l]-5^< a **[H'.Jt] 

<M?[hU-1] + &w 
AW [w, A - 1] - <5*k AW [w, k - l] - 5*k £ <w*y'[w, A] 
AW[mU-1]+&w AM[w,*-l]+&w £<u/y[nU] 
5«r = 0.004 

adj [w. Jfc] = min(^ylt *]*««f2 [A*]) - <*«P [w, A] - fl4> 



(13) 



[ 0 0 5 9 ] (13)**Oadj [ w . k] 



so ti. aat&»ft6t*Lfc^7^-^tft-?T. (i 



(7) 



11 



4) **CT««S<1*. 

[ 0 0 6.0 ] ;;t, (14) 5$.+ <r> a d j l [ k ] 

fl MarSAW[/:]<29 



ttBS^ 8-221093 
12 

fit?* 0 . KITO (15) «tCTffi«Sil* . 
[ 0 0 6 1 ] 
[RID 



0 ±Ett* 



[ 0 0 6 2 ] ifc, (14) ^tf^ad j 2 [k] li, 10 & . 

^Wfcfiv^y -f xu^^#»k:«vv *f XK;Hc^ [ 0 0 6 3 ] 

Lt, iE7^ J: satflfWEU- h & [ft X 2 ) 

»*fc*t6ir* 0 . J^TCO (16) StfcTSgfcSft 

0 MinRMS[k]<20 



adfl[k] s 



MinRMS[k)~ 20 2Q ^ MUtRMS [k]< 60 



40 

I 60S MinRMS[k)< 1000 "(16) 

10UU 

0-2 MinRMS[*]> ISOO 



[ 0 0 6 4 ] (14)3$*Oadj3[w,k] 
(i. 23 7 5 Hzj6»M 0 0 0 Hz.OHt«18dBA» 

-ca o , blto (i7) s^cr. 

[ 0 0 6 5 ] 
[ ft 1 3 ] 

f0 w< 2375 /ft 



adj3[w f k] = 



0.059415(w - 2375) ± . £ ^ 



07) 



4000 - 2375 



[ 0 0 6 6 ] Srfc, ±$£L*:teT£>& N R [w. k] 
fc, <dB) &<0H«li* ^6£^fJ: 

-ft8) 



[0 0 6 7 ] H nMifnU 7 IS. ^ F # « 3 il *: A * 

fl-sp-x^? MKOJEBY [w, k] y>fXx^n 
;K0B*H*F*&«£«IN [w. k] JlISNR [w. 
k] fc ±K><v Ffl'fflSiifcAaS-**'*? Ml* 

O^ilgY [w. k] *^SIM^?:lSMtS^if)i7)TU 

7*;u*"ca*. ccrii. y [w, k] #n [w, 

k] tettHn [ w . k] iZ^tm^iX. Z<T>V 
J5^FHn [w. k] . w V> H n 

[w, k ] filli, J»T<0 (18) *fc«-^T*aiS*i 
& . 

[0 0 6 8] 
[ft 1 4 ] 



hM [si N = y]= ^ + ^"7[ia]) * ^ 1 r " V 

P(H0\Y w ) [x/ „ mr] 



[ 0 0 6 9 ] ±E (18) 5e*<0fflH [w] [ S 

/N=r] 14. SNJt**4«rt:HffiL^fc**ai 
/>TXfl]E74/U*#tt < l 9 ) xS£T#tf> 

4> fi * il/c & * . <r*>«li, ^*>*tf>& <r #? 

£"C, Y [w. k] /N [w f k] OlCiettf-/ 
/Kfc-fft c **^II8«rtf "C*& . ( 1 9 ) * + <o 

x[w, k]UY[w, k]/N[w, k] tz ft 3 L . 
G min (iH [w] [ S/N « r ] <0ft/jNfiJ»«r«-4-^<5 
P (HI I [ S / N « r ] ' 



(19) 



RT/P (H 0 I Y w ) [S/N = r]ii.#A^lfi^X 
^?F;K7)*S*@Y [w. k] Ott!B**"*v<?>-*-C 
* 0 . P ( H 1 I Y w ) [ S /' N - r. ] (i Y [ w , k ] 
£Wf* (speech) Lfc««*S 
L P (HOI Y w ) [ S / N - r ] ti Y [ w . k ] £ 

ifc. Ztitmt* l^LTcO (20) fCklT JI£iJ$ix&-. 
[ 0 0 7 0 ] 
[ft 1 5 ] 



(8) 



13 



P(Hl\Y w \ st „. Y] = 1 - P(HO I Y w \ ss ^ n = 

P( Hi) > (exp(-y 2 )\/.(2>Y-x[w.k]) 

P(Hi) • (exp(-y J )> 1 0 (2 . y - x [h* ?(H0) - (exp(-;c 2 [** *])) 

-(20) 

P(H\) = P( HO) = 0.5 



»B8¥8 - 2 2 1 0 9 3 
14 



[ 0 0 7 1 ] (20) J: ft. If. P (HI I Y w ) 

[ S/N = r ] RX/P (HOI Y,) [ S / N = r ] *i 
x [w. k] <OB8»r*4 t ifihfrb . 4fc, I 10 
0 <2*r-x[w.k])ti, ^-/-fe/UBBRT* 0 . 
rfcx [w, k] t Of&tCJS£T#tf>4>ft.S. P 

(HI) &T/P (HO) (i. ^tCO . 5 £H.S££ft.£ . 

[0 0 7 2] 4fc. COH nfigft3:S&7 IZX^^ixb H 
n [w. k] ttfcx [w. k] . f3:jb*>Y [ w , k] 
/N [w. k] Jtttf>H«li. HTH^fJ:^:, Y 

[w, k] /N [w, k] Mi^;^), f^ib^SfS^ 
fi)t^J:Hf^ (speech) < Sr & t £ 

fcl^T. Hn [w, k] «#*S<*'5. -tttto-htfE, 
#»<*»K 4fc* Y [w, k]/N [w, k] #{£va 
t:^ **jb^»*rt#J: 0 (speech) j£#<0 

%h t Z ^£i$UT, Hn [w. k] 

18SWBt*i V^T , r - 2 . 7 . G min = - 1 8 d B . 
NR [w. k] - 1 <Ob § 0&&£H&T'^ It . 

Stepl:Hl[w. k]=max (median (Hn[w-1, k], Hn[w f k], Hn[w+1. k]) 

.Hn[w,k]) • • 

fSL. (w- l ) , jut (w+ l ) tflftELKc^t * 30 li. Hl[w, k>Hn[w, k] 
Step2:H2[w, k]=min (median (HI [w-l. k]. Hl[w t k], Hl[vfl. k]) 

,Hl[w.k]) ■ • 

(w-l) . Xtt (w+i) 
UU H2[w,k]=Hl[w r k]JH l an (Stepl) «c*jv*t, H 
l [w. k] li, #-o,'*^vMiB[4Lfeo^AyK 

L^Hn [ w . k ] -C* 0 , 28 2 ( Step2 ) 

tefcV^T. H2 [w. k] ti. m-^. £> & DH A L 

tz^thLfz^y ¥^m< LtzH i [w, k ] t£> & . ^ 

<7)£51ZLX. ±teHn [w. k] \t . H2 [w, k] 

[0076] << fofmmiz 

H speech [w. k] =0.7- H2[w,k]+<K3- H2[w,k-1] 
4*. W**l#^«#fc:#LT«i. (24) jtlzfrs 3. 



4*. JiEW«S:«i-*»i±. NR [w. k] (H7C 
ft-f *«fc*J*t* N R [w. k ] sio 

[0073] 4fc . 7 -f ;l^^»?i»8T-ti. ±1£H n 

[w, k ] {g^AttftNr^AfcttnN^rt*: Co^tP] 

fl:«#H t -S mooth C w • k ^ ±E«*ft 
f4S-ffi]^^7 -f fcf&mZ. «*H n [w. k ] com" 

^ vw*j6»*srja< -r cft.^«to^i 
20 *. a*. ±ie^fsjffi^-rs]^^7 -f ;u^»aii±. 

^$i#$:Jfpi.^7^ ;U^^5Efl:<0j«S S:«IRt4»*^ 

[0 0 7 4] 5tr , ±lE/^?s^fS^-rS]^607 4 jvt&m 

tCOV^TO^B^^^f 5 . ±te*^^> K^H n [w, k] 

■*c. ^f^ry 7 -f ;u^»a3^»fc$ft.& . »: 

^ (21) starx (22) jUct. cco^^^^t. 

[ 0 0 7 5 ] 



40 



(21) 



■••(22) 

^^XcotfttyZIrr o . z co^raf4*r6]^co7 -r /u**&«e 
Srft-riRtiiSvvr (speech) . A 

7;/7^vk;U, Ltf ^ (speech) <o&*>± 

^^^fI#H speech [w. k] tC^LTti. ^£0 

(23) setz^-r J: -3 mria«"con»-fb, 

[ 0 0 7 7 ] 



(23) 



H 



noise 



C w , k ] = 0. 7 • MinJ+ 0. 3 • 
ZCO (24) SUZ&V^T, Mi nl_H&l/Max_Hli 
*ft.^ft.. 

Min_H=min(H2[w, k].H2[w. k-1]) 
MaxJ=max(H2[w ( k], H2[», k-1]) 

tcr*to^>ii4. 50 



[ 0 0 7 8] 

Max_H 
[ 0 0 7 9 ] 4ft 



• • (2 4) 

a* B «k T <r> * Jx - y y ^ $ ft ^ i i * v » . 
[0 0 8 0 ] \?J.±C0A A- v V:/Jffi«a«ff;bft.*:«#fc 
ffiv^T, (25) 5ttc J: y) Rrtittii^fi^H 
t snxx)th ^ w - k ^ $rt#^. 



(9) 



15 



[ 0 0 8 1 ] 



Ht.smooth^W 

=(!-« tr) sp'HsP^h^W 4 "^"" sp) 



;;t. (25) m><Oct spti^o (26) * 

tr ti^^ (27) SA^-tii-riiSft ^ns . 

[0082] 
[*16] 

fl.0 5iW? hII >4.0 



0Cj/» = 



(SNRtv, 1.0 <SNR iMI <4.0 -<!26) 



"5wu >3.S 

2 



Cut? £nw = 



(6™ -2>3 2.0 < 5n« < 3.5 



(21) 



kU i7i f"™^ 



[ 0 0 8 3 ] m^X . A'y KXifttf 9 Tl±. 7 * 

t_smoothC w - k] M£tfl28Ayh'#«MH 
128 !>• k ^ « ra ^ S J: 9&3H^&3it, CO 
aaSii^«-9H 12 8 C w . k ] #iiJS £ it* . :^0^ 

Hiif 2R»-CtroT*J 0. 18AxK*»fe6 4 30 

U2 8Ay F^<7)i£3£tio-A*7 -r M <0 *i E5 

[0084] h 7^«IE£& 1 0X'\±* 

r a m e <T>m & 7 - 'J X £ T ft 6 it & F F 

T«ftOSI»fc*«fcfc#«-Le«*Hi28 [w, k] 

*»S#«;bix,. »4>ixrt:«#**as*SiT.*. COtS 

[00853 actcjaaasa 7 - y *3zt&%kmM i i x*ii. 

- U Xg!&XaJI#fr;h>it, SUfelF FTI^ 

^ ass sit* . 

[ 0 0 8 6 ] &lc. 7 v 71$%® 1 2tli, * 

-^tti^fia^- 1 4X oaissit*. 

[ 0 0 8 7 ] ifc. y 4Xft«»Bfc»fflLfc*»9i*> 50 



WBB^P 8 - 2 2 1 0 9 3 
16 



Hnoise[w,k])+a tr -H2[w, k] 
• * • (2 5) 

Coutli. C*tfc»*»#Srl2 1 t [SI — Oft^X'T* 

[0 0 8 8] ±&y 4 X , ASW^fi#$r^ 

«Rtttf>«-*»fcSC»-f *K»7- y xscm^^^3 t . 
±iaA*^m#^&#^#£Bfc£r*l&<0 7 * 
«a*757 /U^»tt«rM«"*"4 H n «tt»«7 t . ±E 
H n®It*&7 £T*#*>it* 7 -f ;U*«rttfcJ5 tfc7 -f 

h ? A^iE^ 1 0fc£3rL-Ci£*k<0T'*>*. 
[ 0 0 8 9] CCT\ 1EH n»»«7 *f Lt^iJI 
#PE7 a Wttifi!c« 3 5 tZ*J V^T . A V K#flS 
4tt. W5S7-yx55M«iia»3*»4>a3SSn4A** 
^ff-^£&&7- 'J xSEifta&ai LT Wfcft* 
7 ?*M^ijR««£ . 0Utf 1 8 >\'> Kt»«Lt, A > 
KffO««Y [w, k] RMS. ItSSSSU^^. 
a*SNRft»&3 1 fcfc#X^?_ MU»56«2 6 fcfcj 

SS7 -f /w*fc*ti-*«3 3 tass-r* . 

[ 0 0 9 0] RMS. Jt^E&^UOK fi^SN 

R»*»3lli, 7 W--Mfc*&Stf 1 £T ffiS Sit* y 
-frame^t^ K#«»4 tc T ffi ?J £ it * Y 

[ w . k 3 fc^(97P-^«<7)RMSlRM-S [k] . 
IttJgSBW UOHiM i n R M S C k ] &:*:R M S fit 
MaxRMS [k] Sr*ajL. C it ^> © S: HE* A ^ ^ K 
/Ute^gff 2 6 At/ adJL adj2. ad j3 It Jtffi 

3 2^ais^r* . 

[0091] ife, adj 1. a d J 2 a d j 3 «•* 
SP32ti. RMS [k] . MinRMS [k] 2ft. tXM a 
xRMS [k] ££^V^-C , adj 1 [k] , adj2 

[ k] &l/a dj 3 [w, k] S: * Hi L . C it « £ N 
'RMit^SP6^3^*. 

[ 0 0 9 2] iat. W«7 -f ;U^'B«»tK»3 3(i. m 
^Zs^? hyu}i^^2 6*»^>as*Sit*JII»i»ia¥*&fl[ 
N [w. k] A:/K#ffl«4*»£aj*Sit*Y 

[w. k] t «: 7 -f ;u^JTPJE^I8lT--7';i-g5 3 4 tc& 
0. 7 ;W^JfpE*^T--r;ugU 3 4 uiUX^Sit* Y 

[w. k] fcN [w. k] fcfcflJfcfcH [w. k] OfS 
^r^taiU. COH [w. k] H nfitft3fn?7 ICitSS 
•T*. *Jsj; 7 -f ;^»E*af-r;H3 4 ii, H 

[w. k] CBB-r**3&««ttSitTv^. 

[0093] iH:?nU:/>f Xft®^a^>, 0 8 fcS 
t/^y -f Xfi*i8«tcr» ^it^£iiSW^ft#ti, F»Jz. 

0«-t«SEH*C3S£it&. **^Ji, »*ffltBB 
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[0094] ifc. 0 9&tf0 1 oi±. **9!*>SjS{t 

* (EI + fc*J^T*i. JR) at/fie*o«*«a*-i£fc:J: 
■5 a*flJEf*4>iT. <B + fc:*iV*Tl4. Sfe 

SNJt£*#>T. £ O-tr V h It ft ^ * 

t^tra-yh Lfc/57t*4. 01 0(4. ± 

IS-b^^ > MC # L T S Nit^^^T , £<0SNttfc# 

< . fi^n fc # ^3&**6 < t><o-ca * . tti. mm 

ttJLR-te ^> V M»#tf> S Nit ** LT V^T . £^*t< 
w^S Niti4K<«r&. 
[ 0 0 9 5 ] 19^1^0 l o icifLUT. *»HJio 

ft**** & ittt It . WfcS Nit#2 0 iJBi, fti$i^ 
[ 0 0 9 6 ] 

&307 /;u**tt*M»*ft Cfc "C, W#*»«fc:T 

T±CA:fc**II#**4>SM*tt*-J-ft , HCKV^SN 
Jt"C«DJ:iE7 * ^**&StcJ: ft 3 < -f 

ft Z ta^ttfc* 0 > 11£7 < /U*«tt*»ftfc 

*><0«**«0IW«*B!ft£ fc#«rtg£*ft ♦ 
[ 0 0 9 7 ] JtiE7 -f 

"OUfcliffi MU^U^/UfcTWdtSfift** 
Jflv*T*£B"rft £ fc T\ ±IE7 -f ;U*»tt*»ft fc*>4> 

[ 0 0 9 8 ] *»WKlJ:iitf . _tiefi*S NttA 

* 9 . *fc * ±IS7 -f ;l/^»ttt J: &«*H*««aSr 
[Hi] y -f Xfflci*3£ffit38JS Lfe*»!S<0WiStO 



(10) »BB¥8 - 2 2 1 0 9 3 
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[02] *J6?H<ojlttWlfc*J»&x*;uapE [k] &tf 
JS*x if E decay [ k]. «*#flltStHtt)4. 
[03] *«HJ!<0S8tfcWfc*Mtft RM SflRM S 
[k] . JtfiSiSU^/UlM i nRMS [k] SVft* 
RMSIMaxRMS [k] W £?S"*-|2"C* ft . 

^dB rel [k] . S;*: SNitMaxSNR [k] . & 
t/«*«JMoHffiO) 1 ^"C** d B t h r e s re ] 
10 [k] OftttW**** HTfcft . 

[05] *»B^o*ttWt*5Jtftfi*S NJtM a x S N 
R [k] £»LT£«SflftW»fc LTON R_ 1 ev 
e 1 [ k ] $r7F-t"^7 7tfc ft . 

[06] *«Bj|ojlttWfc:J3ltft N R [w. k] hfc* 
a*««Jlfc d B «^t/7 7 T*ft . 

[07] *»H^<!0j|Jfc«fc:*S.*tft Y [w. k] /N 
[ w , k] JfcfcHn [w, k] fcONR [w, k] Kfo 
Ctt#f)iil.i5!I^S:dB8^t^t/7 7tJ>4. 

[08] y^xisaj6a*c3iafflLfe*«^o*j»«-9<!0 
20 Jitis^^iz^^^^tsri)^. 

[09] Jt&OS-y -f xfc&ssaic J: *)%tmWEZtiX 
»£*ift > h yh^ 

O S N Jt ft 2 * «-f ^ v 7 T' & ft . 

[0 10 Y l&<n*JA X^^^atc J: 9$i^jrpE$ix 
'T»6:h.ft£#J*«#^ iE***'* V hgp#<0S Nit 

3 W3«7- u xse»jaa« 





4 




30 


5 






6 


N RfgfhSS? 




7 


H n (!f1-3£gfl 




2 1 


RM SffMTff . 




2 2 


«#x*;Hf«-*« 




2 3 






2 4 






2 5 






2 6 






3 1 


RMS. ftjgMtfl^/K S^SNRitgSU 
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3 2 


adjl.adj2.adj 3 ftXff 




3 3 






3 4 


7 a )V9nE.^^r--^iVm 




3 5 





(11) 



ftGS^ 8 - 2 2 1 0 9 3 



[0 1] 



1 



r 



y-Dfame), k 



7-111 



A' > K 



Ylw. k] 



■If Egg 



z 



RMS 



21 



.1 0 



^7 



22 



St IS SB 



26 



§*RMS 
itggB 



X 



23 



24 



25 
1^ 



S*SNR 



St S 7> 5 V )b 

m a a 



Nlw.kl 
6- 



J. 



NR[w. kl 



H nfiEtHgB 



HnU, k] 



8 
9 



(12) 



ftBS^P 8 - 2 2 1 0 9 3 



[02] [B5J 
(xio s Ji , 




[H6 ] 





(13) 



ISIfS^ 8 -2 2 1 0 9 3 



[08] 



n 



1 3 



v- p r a me I , k 



32 



RMS.5'J\RMS 
SXSNRttSS 



31 



ad II . ad J2 , sd j3 



I 



Y[».k] 



N RilliUS 



N{w,k] 



NRtw.k] 



fS gttjggg 
Hlw,kl| 



H nilligSB 



33 



Hn[*.k] 



7 4 )b$$m$& 



3 5 $fS£PE7 ;i/**Stt&j235 



1 



34 



7— 7 m 



i 



i o 



T 



1 4 



J 




ft® 1 ? 8 - 2 2 1 0 9 3 



xutava-tr* > h s n r (d&> 



[110] 




10 15 20 25 30 35 *0 45 50 

X*fl#<D*^j' > h SHX (d8) 



